A highly symmetrical cubic capacitive triaxial accelerometer for biomedical applications has been designed, realised and namely 2 x 2~2 and 5 x 5~5 mm3. 
INTRODUCTION
There is a need for very small triaxial accelerometers in the biomedical field. The accelerometers should meet the following specifications: amplitude range =k 50 m/s2, resolution 0.01 m/s2, bandwidth DC -50 Hz, off-axis sensitivity < 5 %, dimensions -2 x 2~2 mm3 and power consumption < 1 mW.
Up to now, triaxial accelerometers presented in the literature [ 1,2,3] have a lack of symmetry and therefore show a large offaxis sensitivity from 5 YO up to 21% [l] . The sensor proposed in this paper has a highly symmetrical configuration, consisting of a central cubic seismic mass surrounded by capacitors, which ideally should not result in any off-axis sensitivity. Furthermore, due to the high degree of symmetry and differential measuring, common mode interferences as introduced by temperature fluctuations, electric and magnetic fields, humidity and other disturbing effects should be rejected. In this paper, the sensor structure and basic operating principle, Figure 2 . (a) Rear view and (b) 
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with tanSthe loss tangent of the PDMS.
The total damping constant in one direction can now be equated with
EXPERIMENTAL
Cleanroom technology and assembly procedure Objective of the cleanroom technology is the realisation of a foldable cross structure, as shown in figure 4. In the assembly procedure, the cross structure is folded around the seismic mass [5] . The process flow of the cleanroom technology is shown in figure 3 and was extensively described in [5]. The only thing that has changed is the protective layer for the PDMS structures. In [5], the PDMS was covered with a chromium layer, but due to cracks in the chromium layer the PDMS structures were removed during RIE etching. At present, the PDMS is covered with a PI layer of 50 pm thick which is not baked (figure 30. After the RIE etching, when the foldable crosses are etched free, the unbaked PI was removed by putting the crosses in boiling water in an ultrasonic cleaner. The protective aluminium and chromium layers were removed with aluminium and chromium etchant, respectively, and the structures were ready to be assembled (figures 3h and 4). All dimensions, material properties and CVC data are shown in table I. After assembly, the devices look as is shown in fig. 5 . 
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Measurement protocol
The devices were statically tested by turning their sensitive axes with respect to gravity and dynamically tested by applying known accelerations (reference accelerometer Piezotronics ICP 301A10) with a shaker unit (Gearing and Watson GWV20).
RESULTS AND DISCUSSION
When the data of table I is substituted in the equations (1) through (9), the behaviour of the sensor can be theoretically predicted. The results of both the calculations and the measurements are shown in table 11. It should be noted that the small sensor B3 was rt:alised using a more complicated assembly procedure in which a gold bond wire, instead of the six couple capacitors in parallel, was used to connect the supply voltage to the seismic mass [9]. However, small sensors constructed as described iin this paper will be available in due time.
The static sensitivity of the devices as shown in figure 5 was determined by turning their sensitive axes with respect to gravity. As can be seen in table 11, the measured and calculated sensitivity show a reasonably good correspondence. Differences in calculated sensitivity between the axes in one sensor can be explained by unequal height of the PDMS structures due to compression of the PDMS structures during assembly. When the sensitivity in a certain direction is less than calculated, as in B3-y and D2-z, this is probably caused by compression of the PDMS layers in that direction. When the sensitivity in a certain direction is higher than calculated, as in D2-x and D 3 z , the higher sensitivity is probably due to a bad mechanical connection between some of the PDMS structures and the seismic mass [6] . The resolution of the serisor is dependent on the rms noise level of the CVC which was found to be 1.5 mV in the frequency range DC -50 Hz [4] . So, given the sensitivity and the noise level of the CVC, the resolution can be calculated. The result is shown in table 11. The linearity of the devices B3 and D3 is shown in figure 6 . The output voltage of all axes increases linearly with the applied acceleration, up to at least 50 m/s2. 
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As can be seen in table I1 there is a large mismatch between the calculated and measured bandwidth. This mismatch can be explained in two ways [IO] : the frst explanation is a bad adhesion between some of the PDMS layers and the seismic mass; the second explanation is a local deformation of some of the PDMS structures due to compressive stress causing them to be much stiffer than in the uncompressed case. Both phenomena cause a much larger damping and therefore a smaller bandwidth than expected.
CONCLUSIONS
A highly symmetrical miniature cubic capacitive triaxial accelerometer has been designed, realised and tested. The outer dimensions of the sensor are 2 x 2~2 mm3 and 5 x 5~5 mm3. The device is put upon a standard IC package for easy testing. 
